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(57) A method of controlling the coordinative raising 
of support portions of a base support for a bed or the 
like, the base support having a back-support portion (1a) 
for raising the back of a subject lying thereon and a leg- 
support portion (1b) for raising the knees of a subject 
lying thereon, in which the respective support portions 
are provided with respective lifting mechanisms, char- 
acterised in that a pressure detecting means (8) is in- 



terposed between the back-support portion (1a) and the 
back of the subject, wherein where the back-support 
portion (1 a) is pivotally rotated and raised to an inclined 
position, the leg-support portion (1b) is also raised, 
wherein the leg-support portion (1 b) is controlled to low- 
er when the pressure applied from the back-support por- 
tion (1 a) to the back of the subject and detected by said 
pressure detecting means (8) has increased to a preset 
value. 



Fig.7 
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Description 

[0001] The present invention relates to a method of 
controlling the coordinative adjustment of a base struc- 
ture for a bed or the like. More particularly, the present 
invention relates to a method of controlling the coordi- 
native adjustment of a back-support portion for raising 
the back of a subject lying thereon and a leg-support 
portion for raising the knees of a subject lying thereon. 
[0002] As used in this specification, the term 'bed or 
the like' will be understood to include hospital trolleys, 
operating tables, stretchers and any other structure in- 
corporating a horizontal surface on which a user may lie. 
[0003] Many recent beds and the like have been pro- 
vided with a back-support portion for raising the back of 
a subject lying thereon and a leg-support portion for rais- 
ing the knees of a subject lying thereon, each of the sup- 
port portions being provided with respective lifting 
mechanisms by means of which the respective support 
portions are raised. 

[0004] Many examples of such lying furniture can be 
seen, for example, in US Patent Nos. 5,469,591, 
5,448,789, and 5,388,290. 

[0005] For example, the bed described in US Patent 
No. 5,469,591 has a back-support portion for lifting the 
back of a subject lying thereon, a leg-support portion for 
lifting the knees of the subject, and other base structure 
support portions. On the undersides of the back-support 
portion and the leg-support portion, lifting arms each 
having a roller at the tip are installed, and are pivotally 
rotatable such that the lifting arms can be driven and 
rotated by electric drive mechanisms such as motors. 
[0006] I n th is arrangement, the lifting arm of the back- 
support portion is pivotally rotated to allow the roller to 
lift the back-support portion in a pivotally rotating mo- 
tion, to an inclined position, thereby lifting the back of 
the subject lying thereon, so that the subject can be 
moved into a more upright position. 
[0007] When the back-support portion is lifted and in- 
clined in this way, the lifting arm ofthe leg-support por- 
tion is pivotally rotated to allow the roller to lift the leg- 
support portion in a pivotally rotating motion, to an in- 
clined position, thereby effectively preventing the sub- 
ject lying thereon from sliding forward, which would oc- 
cur if the back-support portion only were to be raised. 
[0008] That is, in the case where the back of a subject 
lying on the support structure is raised to move the sub- 
ject into a more upright position, if only the back-support 
portion is lifted, the body of the subject will gradually 
slide forward as the back of the subject is pressed for- 
ward by the back-support portion. As a result, the point 
at which the body of the subject can be easily bent shifts 
from the pivot of the back-support portion to a lumbar 
region and abdominal region of the subject which cannot 
easily bend as the back-support portion is raised, there- 
by resulting in feelings of discomfort to the subject. 
[0009] By contrast, if the leg-support portion is raised 
when the back-support portion is raised, the body por- 



tion of the subject which is located above the inclined 
leg-support portion, i.e., the femoral regions ofthe sub- 
ject, can receive the force applied from the back-support 
portion to the back ofthe subject which presses the sub- 
5 ject forward. As a result, the sliding of the body of the 
subject and the resultant displeasure felt by the subject 
in the case where the back of the subject is raised by 
means of raising the back-support portion only, can be 
prevented. 

10 [0010] It is known to raise the leg-support portion 
when raising the back-support portion of a base struc- 
ture for a bed or the like. The conventional methods for 
raisingthe leg-support portion when lifting the back-sup- 
port portion include, for example, the following: 
15 [0011] As a first example, the drive mechanisms for 
lifting the back-support portion and the leg-support por- 
tion are operated respectively independently, and the 
subject lying on the bed, or a nurse, simultaneously or 
alternately turns on and off the respective drive mecha- 
20 nisms, using, for example remote control switches, to 
lift the back-support portion and the leg-support portion 
respectively to desired positions. 
[001 2] As a second example, a common motor or the 
like is used to drive the drive mechanisms of the back- 
us support portion and the leg-support portion using an in- 
terlocking mechanism such as a link mechanism, so that 
the drive mechanisms of the back-support portion and 
the leg-support portion are actuated in a mechanically 
coordinative manner, to lift the back-support portion and 
30 the leg-support portion to predetermined positions. 
[0013] However, these conventional methods have 
the following problems. 

[0014] In method 1 above, the subject lying on the 
bed, or a nurse, must simultaneously or alternately op- 

35 erate the respective drive mechanisms of the back-sup- 
port portion and the leg-support portion. This operation 
is very complicated and troublesome, and the operator 
must be accustomed to it. Furthermore, it is difficult to 
always reproduce the optimum lifting states for the back- 

40 support portion and the leg-support portion respectively. 
[0015] In method 2 above, since an interlocking 
mechanism is used, the lifting states ofthe back-support 
portion and the leg-support portion achieved in an coor- 
dinative manner are inevitably simple and impossible to 

45 change, and it is difficult to efficiently prevent both the 
body of the subject from sliding and the subject feeling 
displeasure due to pressure from the raising portions 
applied to the lumbar and abdominal regions of the sub- 
ject. 

50 [0016] The present invention seeks to address the 
problems of the prior art by providing a base structure 
for a bed orthe like provided with a back-support portion 
for raising the back portion of a subject lying thereon 
and a leg-support portion for raising the knees of a sub- 

55 ject lying thereon, each of the respective support por- 
tions being provided with a lifting mechanism for use in 
raising the respective support portions, wherein when 
the back-support portion is pivotally rotated to an in- 



2 



3 



EP 1 346 671 A1 



4 



dined position, both sliding of the body of the subject 
and feelings of pressure which may be displeasing to 
the subject are avoided. 

[001 7] According to a first aspect of the present inven- 
tion there is provided a method of controlling the co-or- 
dinated raising of support portions of a base support for 
a bed orthe like, the base support having a back support 
portion for raising the back of a subject lying thereon 
and a leg support portion for raising the knees of a sub- 
ject lying thereon, in which the respective support por- 
tions are provided with respective lifting mechanisms, 
characterised in that a pressure detecting means is in- 
terposed between the back-support portion and the 
back of the subject, wherein when the back-support por- 
tion is pivotally rotated and raised to an inclined position, 
the leg-support portion is also raised, wherein the leg- 
support portion is controlled to lower when the pressure 
applied from the back-support portion to the back of the 
subject and detected by said pressure detecting means 
has increased to a preset value. 
[0018] In this method, when the back-support portion 
is pivotally rotated and raised to an inclined position, the 
leg-support portion is also raised. Raising of the leg-sup- 
port portion in this way supports the position of the waist 
of the subject lying on the base structure. Therefore, in 
this state, even if the back-support portion is raised and 
gradually inclined steeply, the subject is prevented from 
sliding forward. 

[0019] If the raising of the back support portion and 
the leg support portion are continued further without 
control, the angle formed between the back support por- 
tion and the leg support portion would gradually de- 
crease, with the result that the abdominal region of the 
subject would gradually become compressed and the 
subject would feel pressure around the abdominal re- 
gion. 

[0020] However, in a first aspect of this invention, the 
raising of the leg-support portion is not continued further 
without control. In the present invention, the pressure 
detecting means monitors the pressure applied from the 
back-support portion to the back of the subject, and 
when the pressure has increased to a preset value, the 
leg-support portion is controlled to lower, thereby avoid- 
ing the situation whereby the abdominal region of the 
subject is gradually compressed between the back sup- 
port portion and the leg support portion resulting in the 
subject feeling pressure around the abdominal region 
as the angle formed between the back-support portion 
and the leg-support is prevented from becoming smaller 
than a certain angle. 

[0021] As for the raising of the back-support portion 
and the raising of the leg-support portion to produce the 
above action, the raising of the back-support portion and 
the raising of the leg-support portion may be initiated 
simultaneously, or the raising of the back-support por- 
tion can be initiated first, or the raising of the leg-support 
portion can be initiated at first. 

[0022] Preferably, when the raising of the leg-support 



portion is initiated first, when the back-support portion 
is pivotally rotated and raised to an inclined position, the 
leg-support portion positively supports the position of 
the waist of the subject from the beginning. Therefore, 

5 even if the raising of the back-support portion is initiated 
to make the back-support portion gradually more and 
more steeply inclined, the subject lying on the base 
structure is prevented from sliding forward. 
[0023] Preferably, the preset value of pressure for the 

10 above-mentioned control action can be changed. In this 
way, the raising of the leg-support portion can be con- 
trolled in response to the specific sensitivity of the sub- 
ject to pressure from the rising support portion. 
[0024] Embodiments of the present invention will now 

15 be more particularly described, by way of example only, 
and with reference to the accompany drawings in which : 

Figure 1 is a side view showing a section of a bed 
base to which the method of controlling the coordi- 
20 native lifting of the support portions in accordance 
with the present invention is applied; 
Figure 2 is an illustration showing, as an example, 
the control mechanism of the bed having a base 
structure to which the method of controlling the co- 
25 ordinative lifting of the support portions of the 
present invention is applied; 
Figures 3 to 8 are side views showing a section of 
the bed base of Figure 1 , at various phases in the 
lifting action where the method of controlling the co- 
30 ordinated raising of the support portions of the base 
structure, in accordance with the present invention 
is applied; and 

Figure 9 is a diagram showing an example of how 
the inclination angles of the back-support portion 
35 and the leg-support portion change in relation to the 
elapsed time, in the case where the method of con- 
trolling the coordinative raising of support portions 
of a base structure in accordance with the present 
invention is applied. 

40 

[0025] Figure 1 is a side view showing, as an exam- 
ple, having a base structure to which the method of con- 
trolling the coordinative lifting of support portions of this 
invention is applied. The illustrated bed is composed of 
45 a back-support portion 1 a for lifting the back portion of 
a subject lying thereon, a leg-support portion 1 b for lift- 
ing the knees of a subject lying thereon, and a lower leg- 
support portion 1c corresponding to the lower leg of a 
subject lying thereon. The back-support portion 1a, the 
50 leg-support portion 1 b and the lower leg-support portion 
1c are connected with each other to form a bendable 
base structure corresponding to the whole body of the 
subject, and supported by a bed frame 2 (not shown). 
Furthermore, mattresses 3 are provided for the back- 
55 support portion 1a, the leg-support portion 1b and the 
lower leg-support portion 1c respectively. The mattress- 
es 3 are separated in the drawing of Figure 1 , but an 
integral mattress may also be used. The support mech- 
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anism forsupporting and lifting the plural support portion 
of the base structure is not illustrated here since it is well 
known. 

[0026] In the bed of this example, the base structure 
corresponding to the whole body of the subject lying 
thereon is composed of the above-mentioned divided 
three support portions 1a, 1b and 1c connected with 
each other. However, the base structure may also be 
divided into four portions, or as described, for example, 
in the aforementioned US Patent Nos. 5,469,591 , 
5,448,789 and 5,388,290, many support portions may 
be connected with each other to form a bendable base 
structure. The base structure to which this invention is 
applied is required to have at least a back-support por- 
tion for raising the back portion of a subject lying thereon 
and a leg-support portion for raising the knees of a sub- 
ject lying thereon. 

[0027] Furthermore, the lifting mechanisms for raising 
the back-support portion 1a and the leg-support 
portionl b portion may bethe mechanisms as described, 
for example, in the aforementioned US Patent Nos. 
5,469,591, 5,448,789 and 5,388,290. That is, a lifting 
arm having a roller at the tip, which can be pivotally ro- 
tated by an electric drive mechanism such as a motor, 
can beinstalledto let the roller lift and support each base 
portion, or a linear motion member with a rotary motion- 
linear motion conversion mechanism consisting of a 
threaded shaft and a female screw engaged with it can 
be connected with an arm installed on the underside of 
each base portion. 

[0028] The lifting mechanisms for lifting the back-sup- 
port portion 1a and the leg-support portion 1b can be 
controlled to act in a co-ordinative manner as described 
later, or can be controlled to actuate the respective bot- 
tom sections individually as required. 
[0029] An example of a base structure for a bed to 
which the method of controlling the coordinative lifting 
of support portions in accordance with this invention is 
applied is described with reference to Figures. 1 and 2. 
Symbol 4 denotes a footboard, and a control panel 5 is 
installed outside and below the footboard 4. The control 
panel 5 contains the control switches shown in Figure 2. 
[0030] The control panel 5 contains switches SW1 
and SW2 for lifting and lowering the back-support por- 
tion 1 a and switches SW3 and SW4 for lifting and low- 
ering the leg-support portion 1b. These switches allow 
the back-support portion and the leg-support portion to 
be lifted and lowered independently 
[0031] The control panel 5 also contains switches for 
lifting and lowering the back-support portion 1 a and the 
leg-support portion 1 b in a coordinative manner, i.e. , lift- 
ing and lowering switches SW5 and SW6 in addition to 
the above-mentioned switches. 

[0032] The back-support portion 1a has a pressure 
detecting means 8 interposed between the back of the 
subject lying thereon and the back-support portion 1a. 
The pressure detecting means 8 may take any suitable 
form provided it can detect the pressure applied from 



the back-support portion 1 a to the back of the subject, 
and, for example, may consist of an air pouch and a 
pressure sensor for detecting the pressure in the air 
pouch. 

5 [0033] Symbol 6 denotes a controller that controls the 
on and off actions of the motors M1 and M2 used for 
raising the back-support portion 1 a and the leg-support 
portion 1b. The output signal of the pressure detecting 
means 8 is applied to the controller 6. 

10 [0034] The control panel 5 has a pressure setting sec- 
tion SP for storing the preset value used for the control- 
ler 6 to judge whether the pressure applied from the 
pressure detecting means 8 reaches the preset value 
or not. 

15 [0035] The above-mentioned arrangement used for 
the coordinative action in relation to the back-support 
portion and the leg-support portion is described below. 
[0036] Figure 3 shows a state where all the support 
portions 1 a, 1 b and 1c are in a non-raised position, and 
20 in this state, a subject such as a patient lies in an ordi- 
nary supine position. To allow the lying subject to as- 
sume a more upright position in order to arise from the 
bed, the switch SW5 is turned on to issue a command 
to the controller 6. 
25 [0037] Receiving the command, the controller 6 actu- 
ates firstthe lifting mechanism of the leg-support portion 
1 b as shown in Figure 4, to start raising the leg-support 
portion 1 b only. The time instant when the lifting of the 
leg-support portion 1b is started is t = 0 in Figure 9. 
30 [0038] Then, receiving another command, the con- 
troller 6 initiates the raising of the back-support portion 
1 a at the time instant (t = T1) suitably later than the time 
instant when the lifting of the leg-support portion 1b is 
initiated, and thereafter, as shown in Figure 5, both the 
35 back-support portion 1a and the leg-support portion 1b 
are further raised. 

[0039] As described above, pivotal rotating and rais- 
ing of the leg-support portion 1b is initiated before the 
raising of the back-support 1a from a non-raised posi- 
40 tion. Since the leg-support portion 1 b is raised, the leg- 
support portion 1 b supports the position of the waist of 
the subject, and therefore even if the lifting of the back- 
support portion is initiated in this state to gradually make 
the back-support portion steeply inclined, the subject is 
45 prevented from sliding forward due to pressure on the 
back of the subject from the back-support portion. 
[0040] As described above, the raising of the leg-sup- 
port portion 1 b can also be initiated simultaneously with 
or later than the raising of the back-support portion 1a. 
50 [0041] If the raising of the back-support portion 1a and 
the raising of the leg-support portion 1b are continued 
from the state shown in Figure 5 further without control, 
the angle formed between the back-support portion 1a 
and the leg-support portion 1b becomes gradually 
55 smaller to gradually bend the abdominal region of the 
lying person, finally resulting in the subject feeling dis- 
comfort due to the pressure of compression of the ab- 
dominal region. 
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[0042] However, in the present invention , the control- 
ler 6 keeps monitoring the pressure signals from the 
pressure detecting means 8 indicated by a broken line 
in Figure 9, and if the pressure reaches the pressure 
preset by the pressure setting means SP, the controller 
6 acts to ensure that the raising of the back-support por- 
tion 1 a is continued, but that the leg-support portion 1 b 
is lowered. 

[0043] Since the leg-support portion 1b is lowered in 
this way, even if the back-support portion 1a is further 
raised to form a sharp angle, theangleof the leg-support 
portion 1b gradually decreases. Therefore, the angle 
formed between the back-support portion 1a and the 
leg-support portion 1b does not become smaller, and 
therefore compression of the abdominal region of the 
subject is prevented and discomfort to the patient is 
avoided. 

[0044] As a first method of detecting the time instant 
when the raising of the back-support portion 1a is initi- 
ated (T = T1) later than the time instant when the raising 
of the leg-support portion 1b is initiated (t = 0) : and/or 
thetime instant when the leg-support portion 1b reaches 
its highest position (t = T2), to ensure that the controller 
6 can carry out the above-mentioned control action in 
the raising of the leg-support portion 1 b and the raising 
of the back-support portion 1a, the time elapsed from 
thetime instant when the raising of the leg-support por- 
tion 1b is initiated can be referred to for detecting said 
time instant. 

[0045] In the case where the capacities of the drive 
sources such as motors for actuating the lifting mecha- 
nisms of the back-support portion 1a and the leg-sup- 
port portion 1 b are sufficiently larger than the forces nec- 
essary for lifting the back-support portion 1 a and the 
leg-support portion 1b on which the load of the subject 
lying thereon acts, or in the case where the load is con- 
stant, there is a direct correlation between the time 
elapsed after the time instant of actuating a lifting mech- 
anism and the position of the corresponding lifted sup- 
port portion 1a or 1b. So, the elapsed time provides a 
simple method by which to carry out the above-men- 
tioned control action in response to the lifted position of 
the support portion 1 a or 1 b. 

[0046] Therefore, in this case, if the values of T1 and 
T2 in the control means can be altered, it is possible to 
carry out a control action which is suitable for various 
conditions. 

[0047] As a second method of detecting the time in- 
stant when the raising of the back-support portion 1 a is 
initiated (T = T1 ) after the time instant when the raising 
of the leg-support portion 1b is initiated (t = 0), and/or 
thetime instant when the leg-support portion 1 b reaches 
its highest position (t = T2), to ensure that the control 
means can carry out the above-mentioned control ac- 
tion, a position detecting means such as an angle sen- 
sor can be installed to detect the position of the leg-sup- 
port portion 1b. The position detecting means forthe leg- 
support portion 1 b can be installed at any suitable posi- 



tion, for example, at the leg-support portion itself, at the 
lifting mechanism or at the drive source such as a motor. 
[0048] Also in this case, if arrangement is made to en- 
sure that the respective positions can be preset, an ad- 
5 equate control action suitable for various conditions can 
be carried out. 

[0049] The control action of the back-support portion 
1 a and the leg-support portion 1 b to which this invention 
is applied has been described as an action in the case 

10 where the back-support portion is pivotally rotated and 
raised to an inclined position from a non-raised position. 
The action in the case where the support portions are 
lowered from an inclined position where the back-sup- 
port portion is pivotally rotated and lifted, to a non-raised 

15 position, is reverse to the action explained forthe case 
of raising the support portions and so no additional ex- 
planation is necessary. 

[0050] Alternatively, in a further embodiment, the ac- 
tion in the case where the support portions are lowered 
20 from a raised position where the back-support portion is 
pivotally rotated and lifted, to a non-raised position may 
be different from the reverse action to the action ex- 
plained for the case of lifting. 

[0051] Furthermore, in the action for lowering, since 

25 the leg-support portion lifted to a certain position or the 
highest position is lowered thereafter, a similar action 
occurs when the leg-support portion is lowered. The leg- 
support portion in an inclined position prevents the sub- 
ject from sliding forward whilst the base-support portion 

30 is an inclined position as it is being lowered, before being 
completely lowered to a non-raised position, with the re- 
sult that once all the base portions have been returned 
to a non-raised position, the subject has not been slid- 
ably displaced. This has the advantage that the subject 

35 has been returned to a supine position without undue 
effort on the part of a care-giver. 
[0052] As described above, a base support for a bed 
or the like for use in accordance with the present inven- 
tion has a back-support portion for raising the back of a 

40 subject lying thereon and a leg-support portion for rais- 
ing the knees of a subject lying thereon, each of the re- 
spective support portions being provided with a lifting 
mechanism for use in raising the respective support por- 
tions, wherein when the back-support portion is pivotally 

45 rotated and raised to an inclined position from a non- 
raised position, the leg-support portion is also sufficient- 
ly raised. 

[0053] In this case, the leg-support portion is control- 
led to be lowered when the pressure applied from the 
50 back-support portion to the back of the subject lying 
thereon and detected by said pressure detecting means 
rises to a preset value. Therefore, this invention exhibits 
the following effects. 

[0054] When the back-support portion is pivotally ro- 
55 tated and lifted from a non-raised position, first the rais- 
ing of the leg-support portion is initiated. The inclined 
leg-support portion serves to support the position of the 
waist of the subject. Therefore, even if the raising of the 
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back-support portion is initiated and the back-support 
portion raised to a steeply inclined position, the subject 
is prevented from sliding forward. 
[0055] If the raising of the back-support portion and 
the raising of the leg-support portion are continued fur- 
therwithout control, the angleformed between the back- 
support portion and the leg-support portion becomes 
gradually smaller, resulting in the compression of the ab- 
dominal region of the subject, leadingto feelings of pres- 
sure which may be displeasing to the subject. However, 
in this invention, the raising of the leg-support portion is 
not continued further without control, and said pressure 
detecting means monitors the pressure applied from the 
back-support portion to the back ofthe subject lying ther- 
eon, so that when the pressure rises to a preset value, 
the leg-support portion can be controlled to lower. 
Therefore, since the leg-support portion is maintained 
at or below the preset position, the angle formed be- 
tween the back-support portion and the leg-support por- 
tion cannot become smallerthan a certain angle and the 
situation whereby the abdominal region of a subject be- 
comes gradually compressed leading to feelings of 
pressure is avoided. 



Claims 

1. A method of controlling the coordinative raising of 
support portions of a base support for a bed or the 
like, the base support having a back-support portion 
for raising the back of a subject lying thereon and a 
leg-support portion for raising the knees of a subject 
lying thereon, in which the respective support por- 
tions are provided with respective lifting mecha- 
nisms, characterised in that a pressure detecting 
means is interposed between the back-support por- 
tion and the back of the subject, wherein where the 
back-support portion is pivotally rotated and raised 
to an inclined position, the leg-support portion is al- 
so raised, wherein the leg-support portion is con- 
trolled to lower when the pressure applied from the 
back-support portion to the back of the subject and 
detected by said pressure detecting means has in- 
creased to a preset value. 

2. A method according to Claim 1 wherein when the 
back-support portion is pivotally rotated and raised 
to an inclined position, the raising of the back-sup- 
port portion and the raising of the leg-support por- 
tion are initiated simultaneously. 

3. A method according to Claim 1 , wherein when the 
back-support portion is pivotally rotated and raised 
to an inclined position, first the raising of the back- 
support portion is initiated and at a time instant suit- 
ably later than the time instant at which the back- 
support portion is raised, the raising of the leg-sup- 
port portion is initiated. 



4. A method according to Claiml , wherein when the 
back-support portion is pivotally rotated and raised 
to an inclined position, first the raising of the leg- 
support portion is initiated, and atatime instantsuit- 

5 ably later than the time instant when the raising of 
the leg-support portion is initiated, the raising of the 
back-support portion is initiated. 

5. A method according to Claim 1 , wherein the preset 
10 value of the pressure detecting means can be al- 
tered. 
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